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It was pointed out some years ago (1-3) that studies on the purity of certain 
virus  preparations,  among  other  protein  materials  of  biochemical  interest, 
should utilize immunochemical methods as well as the less sensitive physico- 
chemical procedures, such as the ultracentrifugal and electrophoretic methods 
of analyses. The importance of this was stressed from several points of view: 
(a)  immunochemical methods  are  extraordinarily  sensitive  for  the  detection 
of certain antigenic impurities,  (b)  they provide several types of independent 
tests of homogeneity, and  (c) particles bearing virus activity may on occasion 
be expected to contain antigenic groupings characteristic of the host from which 
they are derived. 
It has been shown that virus preparations of the influenza  types (3-5), Rous sar- 
coma virus (1), equine  encephalomyelitis virus (6), and others, indeed  contain large 
amounts of host antigens. Among the influenza group, for instance,  it was shown that 
the usual ultracentrifugal purification and analytical procedures were inadequate to 
remove or even reveal at concentrations of less than 0.5 per cent between 20 to 50 
per cent of certain host antigens which  were  electrophoretically separable from the 
particles bearing virus activity (7).  Even after these viral particles were  separated 
electrophoretically and  were  adjudged pure by physicochemical  analysis they were 
still  found to be rich in antigens characteristic of the host  (5). 
The reason for the presence of host antigens associated  with virus particles is still 
somewhat obscure.  It is conceivable  that they are fortuitously adsorbed impurities, 
perhaps portions of the  cell receptors, or even characteristic of sites of virus syn- 
thesis. Nevertheless, it is clear that the presence of such substances renders of dubious 
significance  chemical data on the composition of these materials. For instance, the 
reports of ribose nucleic acid (RNA) in preparations of influenza virus must be inter- 
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preted in terms of the finding  that the host antigens present in preparations of in- 
fluenza virus are also associated with cytoplasmic particles rich in RNA. Therefore, 
it cannot be asserted that at the present time RNA is an integral part of influenza 
virus. 
In view of these considerations,  the reports (8, 9) that the bacterial viruses T2r  + 
and T6r  + contain small, variable amounts of RNA in the presence of large amounts 
of desoxyribose nucleic acid (DNA) raises questions  concerning  the evidence for the 
purity and homogeneity of the  viruses studied.  In earlier  studies  of concentrates 
T2r  + and T4r  + prepared in this laboratory it had been found that the ratio of DNA 
phosphorus to total P was 1.0, thus providing no evidence for the existence of RNA 
in our preparations. 
In previous comment on this situation (10), we advanced the view that the method 
of preparation of these viruses utilized  by some laboratories would  necessarily  lead 
to contamination with substances derived from the host cells. These viruses are liber- 
ated  during the lysis of the infected  cell:  during this period the cell debris is being 
rapidly reduced in size. It could be anticipated that virus isolation by means of differ- 
ential centrifugation after" prolonged  periods of lysis would also harvest fragments of 
the cell degraded to a size comparable to that of the virus. In the procedures pre- 
viously employed in  this laboratory, two  circumstances appeared to  assist in  the 
elimination of this type of impurity. The host bacteria, Escherichia coli, strain B, 
grown in a lactate medium, lysed slowly, being poor in their content of active depoly- 
merases (11). Secondly, the virus was harvested from lysates promptly after they had 
reached maximal titers at the end of a single multiplication cycle. Under these con- 
ditions  bacterial debris remained large and easily separable from the virus. 
In continued study of this question, this paper presents data on the isolation 
of various related bacterial viruses by differential centrifugation from infected 
cells whose  growth  conditions  facilitated vigorous lysis and which  were per- 
mitted to lyse for considerable periods. We have found that virus concentrates 
of  T2,  T4,  and  T6  obtained  under  these  conditions  frequently  do  contain 
phosphorus other than DNA phosphorus.  We tested these virus preparations 
with  antisera  prepared against  the  bacterial antigens  and  only preparations 
containing non-DNA phosphorus reacted with these antisera. They precipitated 
host  antibody in amounts  roughly proportional to  the  amount  of non-DNA 
phosphorus present in the virus preparations. The precipitates of host antigen- 
antibody were found to contain most, and on occasion all,  of the  RNA con- 
taminating  the virus preparation but were free of virus or DNA.  Finally,  it 
was shown that virus preparations originally containing non-DNA phosphorus 
could be freed of this impurity by treatment with antiserum against the host 
cell.  Subsequent  purification  by  differential  centrifugation resulted  in  virus 
preparations  in  which  the  ratio  of DNA-P  to  total P  approached  1.0  quite 
closely. 
Materials and Methods 
Virus StrMns.--Lysates of T2r  + and T2r, T4r  + and T4r, T6r  + and T6r were obtained from 
Dr. A. Doermann of the Carnegie Institution  of Washington. The significance of the T and S.  S. CO]~EN  AND  R.  ARBOGAST  09 
number nomenclature and other properties of these viruses is described in various reviews. 
The nature of the distinguishing r + and r characteristics is summarized in an earlier paper (12) 
and is revealed by differences in plaque morphology on agar plates. Thus the r + plaque con- 
tained very small proportions of r mutants; ~. e., <0.1 per cent spontaneously produced during 
the multiplication of r + virus. A single r plaque obtained in the plating of these r + viruses was 
in each case picked by Dr. Doermann and subcultured to form the r stocks described. Other 
properties of these viruses will be described in succeeding communications. 
Preparation of Virus  Concentrates.--A procedure  suggested  by  Dr.  M.  Adams  of  New 
York University modifying the assay method of Hershey et aL (13)  has been used. Two and 
five-tenths cc. of broth agar, liquid at 46  °, was seeded with E. coli strain B at a concentration 
of about 109 bacteria per cc., and then virus or infected cells were added. The molten agar 
was poured over a  solid agar plate at room temperature. The liquid layer was permitted to 
solidify and then was incubated at 37  ° overnight. Bacteria grew vigorously in the thin agar 
layer and virus multiplied within these cells to form a  plaque or hole within the continuous 
bacterial film. It was found that approximately 2 ×  105 virus particles, or infectious centers, 
produced confluent lysis in an 18 hour incubation period. The thin agar layer in which con- 
fluent lysis had occurred was scraped into a Waring blendor and emulsified with 0.85 per cent 
NaCI  for about  1 minute. The suspension was centrifuged in an angle centrifuge at 5000 
R.P.M. The sediment was reemuisified in saline in the Waring blendor and recentrifuged.  The 
combined supematant fluids generally amounted to 500 to 600 cc. per run of 70 to 80 plates. 
These fluids were subjected to two differential centrifugation cycles as described previously 
(8). With T2r  +, T2r, T4r  +, T4r, and T6r  + it was possible to obtain 50 to 100 cc.  of typical 
clear virus concentrates having titers of 5  X  1011 to 1012 virus particles per cc. without diffi- 
culty. Yields of T6r made in the same way generally were about one-third that of the others. 
The yields of T2r  + were usually the highest. It may be estimated that about 2 liters of a broth 
lysate at 2 X  10  t° particles per cc. would be necessary to duplicate these yields; the saving in 
terms of the use of the ultracentrifuge is therefore significant, at least in this laboratory. 
Several preparations of each virus have been made in this way. The biological properties of 
the viruses in the concentrates do not appear to have changed as compared to the original 
stocks with respect to host range, plaque morphology, relative Proportions of r  and r +,  ad- 
sorption, cofactor requirements, etc. The concentrates had the stability and viscosity of broth- 
grown virus (11). 
Preparation of Antigen and Antisera.--E.  toll, strain B, was grown in a  synthetic medium 
containing glucose as a  carbon source and at a  concentration which caused the culture to 
stop growth at 109 bacteria per cc. while the bacteria were still in the exponential phase (14). 
The culture was adjusted to 0.1 per cent formaldehyde and stored overnight at 4 °. The killed 
organisms were sedimented and resuspended in the original volume of 0.85 per cent saline 
containing 0.1 per cent formaldehyde. 
Rabbits were immunized with this material according to the following schedule: they were 
given 0.1, 0.2, 0.5, and 1.0 cc. quantities subcutaneously on 4 successive days in the 1st week. 
Mter 3 days, this series was inoculated into marginal ear veins for 4 successive days. Three 
days later, the inoculations were continued for 4 more days with 1.0 cc. quantities. Test bleed- 
ings were carried out 10 days later and if equal volumes of antigen were agglutinated by the 
sera at dilutions of 1/2000, 50 co. quantities of blood were taken. When later test bleedings 
showed the agglutinin titers of the sera to be less than 1/2000 the animals were given booster 
shots of antigen. The sera with agglutinin titers of better than 1/2000were pooled and frozen 
before use. 
Estimations  of Quantitative Agglutinins.--The  suspensions  of  formaldehyde-treated  or- 
ganisms were sedimented and washed with saline until they yielded negligible amounts of 
nitrogen in the supernatant fluid. To 1 co. aliquots of either antiserum or normal serum wer  e 
added  1 co. aliquots of suspensions of organisms at various concentrations of total nitrogen. 
The amount of nitrogen precipitated with normal serum was essentially the same as that added. 610  SEROLOGIC TESTS O]~ VIRUS PURITY 
The mixtures were incubated at 38  ° with frequent stirring, and then stored at 4 ° overnight. 
The tubes were sedimented in the cold at 2000 a.P.~, for 1 hour and the supernates were de- 
canted. The sediments were twice washed in the centrifuge with 1.5 cc. aliquots of cold saline, 
were transferred to Kjeldahl flasks and their nitrogen contents estimated by the micro-Kjeldahl 
method.  Protein was  digested in concentrated H2SO4  containing K2SO4  and  CuSO4 as a 
catalyst for 1 hour, after which 2 drops of 30 per cent H202 was added and the heating was 
continued for 30 minutes. 
The amounts of nitrogen precipitated from phage preparations with the antiserum were 
determined in the same manner, and contrasted with the amounts precipitated with normal 
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FIG. 1. The antibody combi~  curve of E. toll strain B. 
sere. In all cases  the almost negligible amounts of N precipitated with normal sere were sub- 
tracted from the N precipitated with antiserum. 
Analyses.--DNA was determined by the diphenylamine reaction as described earlier (12, 
15). Phosphorus estimations were made by the King method (16). The standard in both cases 
was a sample of DNA whose P content was known, the DNA content being considered to be 
10.0 times the P  value. Specific precipitates were dissolved in 0.01 N BTaOH and their ultra- 
violet absorption spectrum determined in the Beckman spectrophotometer. These solutions 
were also analyzed for their pentose content by the method of Albaum and Umbreit (17). 
A  sample of RNA of known P  content served as a  standard,  on the assumption  that  the 
pentose of the specific precipitate was RNA pentose. 
EXPERIMENTAL 
Agglutinin Content of a Pooled Antiserum.--The antiserum used in the studies 
to be described below was characterized  by the agglutinin  curve presented  in 
Fig.  1.  Reabsorption  with antigen of supernatant  fluids from antigen-antisera S.  S.  COHEN  AND  R.  ARBOGAST  611 
mixtures corresponding to 0.637 mg. of antigen N  added revealed the absence 
of agglutinin. The seruin used therefore had a relatively low agglutinin content 
of 0.10 rag. N  per cc. Clearly the combining ratio of antibody to antigen was 
low in this system. 
Qualitative Precipitin Tests.-- 
All  sera and  virus preparations were  centrifuged  for 30  minutes at  4000  R.P.M. before 
tests. Virus concentrates were added to 2 volumes of saline or to antiserum or normal serum, 
diluted  1/4.  As additional  controls, saline was added  to  the  same dilution  in  comparable 
vdumes of antiserum or normal serum. 
TABLE I 
The P Contents and Serological Cross-Reactions of Some Virus Pre 
Virus preparation 
T2r+4 
T2r+-5 
T2r -4 
T2r -5 
T4r+-5 
T4r+-6 
T4r -4 
T4r -5 
T4r -6 
T6r+-4 
T6r+-5 
T6r -4 
T6r -5 
P per ce. 
m&. 
0.0217 
0.0424 
0.0211 
0.0191 
0.0076 
0.0218 
0.0066 
0.0065 
0.0324 
0.00965 
0.0218 
0.0063 
0.0088 
DNA-P per cc. 
mg. 
0.0228 
0.0440 
0.0212 
0.0161 
O.0O67 
0.0180 
0.0048 
0.0040 
0.0304 
O. 0085 
O. 0192 
0.0050 
0.0059 
DNA-P 
Total P 
1.05 
1.04 
1.00 
0.84 
0.88 
0.83 
0.74 
0.62 
0.93 
0.88 
0.89 
0.80 
0.66 
,arations with Host Antisera 
Precipitin 
reaction 
0 
0 
0 
4+ 
2+ 
2+ 
4+ 
3+ 
4+ 
4+ 
2+ 
4+ 
3+ 
Per cent recov- 
ery of total P as 
RNA in specific 
precipitates 
m 
67 
44 
72 
34 
100 
9O 
29 
58 
66 
Only in a  few cases of virus-antiserum mixtures were flocculent precipitates 
seen after 2 hours' incubation at 38  °. Even after storage overnight at 4 °, pre- 
cipitates which settled to the bottom of the tube were rarely visible although 
the fluids had become more turbid. Ring tests were never unequivocally posi- 
tive.  However,  a  light  centrifugation  at  2000  R.p.x~. for  2  minutes  readily 
revealed considerable precipitates in  tubes containing virus mixed with anti- 
sera,  although  not  in  tubes  containing  normal sera or saline.  Saline did not ~ 
induce precipitation of antisera.  The existence of antigen-antibody combina- 
tions which flocculate with difficulty cannot be considered anomalous, but in- 
deed expected since this behavior is typical for proteolytically degraded protein 
antigens. Indeed,  degraded  antigens  frequently give soluble antigen-antibody 
complexes. 
In Table I  are listed a  number of virus concentrates, the analyses, and re- 612  SEROLOGIC TESTS OF VIRUS PURITY 
actions with the antiserum to E. coli.  The pentose content of these precipitates 
was determined and the P  corresponding to this RNA pentose was calculated. 
The ultraviolet absorption at  2600  /~ was negligible when the RNA revealed 
by  the pentose  content was subtracted.  This  indicated  the absence  of other 
nucleic acid. In a  typical case, 3  cc. of virus preparation T6r+-4 was added to, 
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Fro.  2.  The relation of non-DNA-P in a  virus preparation to the N  precipitated by an 
antiserum to E. coli. 
1 cc. of antiserum. From the data in Table I,  it can be seen that 3.45 7  of P 
were not accounted for as DNA  in  the 3  cc.  virus aliquot.  The specific pre- 
cipitate,  washed 2  times with reline, was found to contain pentose equivalent 
to 3.09 7  of RNA-P or almost 90 per cent of the unknown P. 
The supernatant fluids of the various virus mixtures with saline, normal sera, 
or host antisera were assayed and found unchanged in virus content. 
Quantitative Precipitin  Tests.-- 
Eleven virus preparations were treated with equal volumes of normal serum or antiserum 
as described, in mounts such that the N content of the specific precipitates exceeded 0.02 mg. S.  S.  COHEN AND  R.  ARBOGAST  613 
The N content of these precipitates, corrected for the trace of N found in the precipitate with 
normal serum, was divided by the DNA content of the amount of virus used in forming this 
precipitate, i.e., host antigen-antibody precipitated per unit of virus DNA. This was plotted 
against the ratio of DNA-P to total P as in Fig. 2. 
A  crude  proportionality,  despite  considerable  spread,  is  thereby  revealed 
between host antigen and non-DNA-P. Of interest is the total absence of host 
antigen in preparations of T2 whose analyses indicated the absence of such P. 
Purification of Concentrates with Antisera.-- 
Antiserum to E. coti was added to various virus preparations in amounts dependent on 
the following  considerations: From quantitative preeipitin estimation, the  amount  of N 
precipitated by the antiserum per nag. virus DNA had been determined. By considering this 
N to be antibody N and using twice as much antiserum as contained this much antibody N 
TABLE II 
The Properties of Virus Preparations Recovered after Treatment with E. coli Antiserum 
Virus preparation 
T2r -S 
T4r -6 
T6r+-5 
T6r -5 
DNA-P/total P 
Starting  Treated 
0.84  1.00 
0.93  0.96 
0.89  0.97 
0.66  1.04 
DNA X I0  -le gin. per active 
virus particle 
Starting  Treated 
4.8  5.4 
2.3  2.4 
3.4  3.6 
3.4  3.6 
as determined by quantitative agglutinin estimations, it was possible to be sure that an excess 
of host antibody had been provided. 
Thus to 6 cc. of T6r+-5 (see Table I) was added icc. of antiserum containing 0.12 rag. 
antibody N. After 2 hours at 37 °, and 18 hours at 4  °, the mixture was sedimented at 5000 
R.V.M. for 30 minutes. The precipitate was discarded and the supernatant fluid was subjected 
to  2  differential centrifugation cycles as described  previously and  resuspended  in  saline. 
The virus preparation was assayed and analyzed. 
Losses of virus activity of the order of 30 per cent were found after this pro- 
cedure.  Although  the  ratio  of DNA-P  to  total P  generally increased  to  ap- 
proach  1.0,  a  slight decrease was  noted  in  the virus activity per mg.  DNA, 
indicating  that  repeated  centrifugation  increased  the  proportion  of  inactive 
particles in a  preparation. Data are presented in Table II on some analytical 
properties  of  several  preparations  subjected  to  these  procedures.  Of  seven 
preparations treated in this way,  the ratio of DNA-P  to  total P  was not  in- 
creased in one, T4r+-6. 
DISCUSSION 
As a  result of the present study, it appears evident that the customary pro- 
cedure of differential centrifugation can result in the inclusion of bacterial debris 614  SEROLOGIC  TESTS  0I~  VIRUS  PURITY 
in bacterial virus concentrates  under certain conditions.  These  conditions in- 
clude the vigor with which lysis proceeds in an infected host, determined in 
part by the virus strain used,  the supply of depolymerases supplied  by  the 
host, and the time in which lysis is permitted to proceed. Even under optimal 
conditions of preparation of lysates, if one is interested in the analytical char- 
acteristics of a bacterial virus, it is clearly necessary to test isolated virus prep- 
arations with antisera to the host to assure  the absence of host antigens.  In 
view of the apparent presence  of RNA in contaminating debris,  and in the 
absence of adequately controlled  tests of the same order of sensitivity as the 
serological method whereby the absence of such  debris can be demonstrated, 
it is impossible to accept the view that RNA is an intrinsic part of the viruses 
T2r  + (8) and T6r  + (9).1 On the contrary the evidence presented  above suggests 
that the RNA found is a fortuitous contaminant of the viruses examined since 
it can be separated from virus activity and virus DNA by means of antibody 
to host antigens. 
Although the recovery of RNA in the specific precipitates was  often in- 
complete, it was anticipated that this material could be removed from a virus 
preparation after high-speed centrifugation.  It was possible that soluble debris- 
antibody complexes could be sedimented  with the virus but might prove less 
readily redissolved  than the debris  in the absence  of antibody. This indeed 
appeared to be the case. 
The isolation  and analysis of these  various  genetically  related viruses  are 
pertinent to an understanding of the nature of their specific genetic differences. 
In view of the amino acid differences reported by Knight among strains of 
tobacco mosaic virus (19), one focal point of investigation is that of the protein 
composition of these bacteriophages. The phages described in the present paper 
are better material for this type of study since the origin of mutants is a process 
more readily followed among phages than among plant viruses. Several phages 
can be crossed in the same host to provide new derivative forms, which in turn 
can be readily isolated and analyzed. The improved genetic conditions for study 
make it all the more important that a  chemical difference in the amino acid 
composition of related virus strains really be shown to reflect genuine intrinsic 
differences in the viruses rather than undetermined differences in the amount 
and quality of contaminating impurity. However,  it would  appear  that the 
treatment of virus with antiserum to host components  for purposes  of large 
scale purification  and preparation does not materially assist  in the problem 
since large amounts of virus would require  large amounts of antisera and it 
would be necessary to guard against the added contamination with serum pro- 
tein. 
I Recently Kozloff and Putnam (18)  have again described finding small amounts of non- 
DNA-P in various concentrates of T6r  +. In this report they have concluded nothing as to its 
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It should also be pointed out that recent estimates of the RNA content of 
nuclei and  chromosomes have failed to present satisfactory evidence of the 
absence of significant amounts of cytoplasmic constituents such as microsomes 
or mitochondria rich in RNA. The immunochemical analysis of nuclear prepara- 
tions for cytoplasmic antigens might afford such a  test. 
SUMMARY 
Three mutant pairs of bacterial viruses T2r  + and T2r, T4r  + and T4r, T6r  + 
and T6r, have been concentrated by differential centrifugation and analyzed. 
Under  conditions of prolonged lysis of organisms grown on  broth-agar,  the 
virus concentrates frequently contained phosphorus (P)  other than that con- 
tained in desoxyribose nucleic acid (DNA).  These concentrates reacted with 
antisera to the host organism, E. coli, specifically precipitating the non-DNA-P 
but not virus activity or DNA. The amounts of nitrogen precipitated in the 
virus concentrates by antisera were related to  their content of non-DNA-P. 
These viruses could be purified by differential centrifugation after such treat- 
ment to yield preparations apparently free of P other than DNA-P. It has been 
concluded that  there  is  no satisfactory evidence for  the  presence  of ribose 
nucleic acid as a  constituent part of these viruses. 
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APPENDIX 
The accumulation of data on the DNA content of various T2, T4, and T6 
strain bacteriophages, as well as the recent genetic studies of Luria et al.  (1), 616  SEROLOGIC  TESTS  OF  VIRUS  PURITY 
permits  some questions to  be  posed  concerning the possible  genetic role  of 
DNA in these materials and others. That DNA may have a special role in deter- 
mining specific  genetic phenomena in general resides at present on the follow- 
ing evidence:  (a)  the transformation phenomenon in Pneumoccocus and pos- 
sibly  other  microorganisms  (2)  and  (b)  the  apparent  correlation  of  DNA 
content and chromosome number in haploid and diploid cells (3).  Among the 
bacterial viruses, the following data suggest an important genetic role for DNA: 
(c) the multiplication of units capable of going on to become virus begins ap- 
proximately with the beginning of DNA synthesis in virus-infected cells  (4), 
(d)  the time course of DNA synthesis parallels and precedes complete virus 
synthesis by several minutes  (5),  (e)  the period in which virus mutation is 
possible within the infected cell appears to correspond to the period of nucleo- 
protein synthesis (6), (jr) the amount of DNA synthesis is apparently propor- 
tional to the amount of virus produced (7), and (g) an ultraviolet-inactivated 
phage particle inhibits DNA synthesis (8). 
Luria has proposed the existence of discrete ultraviolet-sensitive and trans- 
ferable genetic units in viruses T2, T4, and T6. If DNA is indeed a component 
of such a discrete genetic unit, it might be anticipated that the DNA content 
of a  particle of one of these viruses might be proportional to the number of 
genetic units in the virus. 
Several considerations make the DNA content of a virus particle difficult to 
assess accurately, the most important of these being the presence within a prep- 
aration of phage of large numbers of inactive particles. In our own studies and 
those of others it has been observed for instance, that a differential centrifuga- 
tion cycle reduces the activity per unit mass and thus the DNA content per 
unit activity may vary within wide limits. T2 preparations appear particularly 
sensitive in this respect.  It has therefore appeared advisable to consider the 
DNA content of the most active preparation described. In Table I are presented 
data on the DNA content per virus particle for the most active preparations of 
T2, T4, or T6 yet described. It is seen that T2 and T6 preparations of r and 
r  + appear similar and significantly different from T4r  + and r. It is of interest 
to note that these values are similar to that of the DNA content of the ele- 
mentary bodies of vaccinia, estimated to be about  3.2 X  10  -16  gm. DNA per 
elementary body,  although much  greater  than  that  of  many other  viruses 
and much less than that of a bull sperm (3.3  X  10  --u gm. DNA) or that of a 
bacterial nucleus  (10  -14 to  10  -15 gin. DNA). 
When the bacterial virus figures are divided throughout by Luria's estimate 
of the number of genetic units in each of the T  strains analyzed, the DNA 
content per genetic unit among all six viruses proves similar, i.e.,  0.11 to 0.16 X 
10  -18 gin. DNA per hypothetical genetic unit. These values for a  genetic unit 
now approach  the nucleic acid content of some other viruses more  closely, 
(e.g.,  the DNA content of a  particle of rabbit papilloma or influenza virus is S. S. COHEN  AND  R.  ARBOGAST  617 
about 0.07  X  10  -16 gin. while the RNA content of tobacco mosaic or tomato 
bushy stunt virus is about 0.03  X  10  -16 gin. per particle). These correlations 
suggest that the phenomenon of mutual reactivation described by Luria and 
Dulbecco (1)  and the genetic crosses observed by Hershey and, Rotman  (11), 
and Delbriick and Bailey (12) may be shown to occur among vaccinial strains 
but not among the rabbit papilloma and influenza viruses if the nucleic acid 
of a virus is indeed involved in these genetic phenomena. 
A recent estimate of the molecular weight of thymus desoxyribonucleic acid 
based  on  extensive physicochemical characterization has  given  the  value of 
TABLE I 
The DNA  Content per Bacterial Virus Particle 
Virus 
T2r  + 
T2r 
T4r  + 
T4r 
T6r  + 
T6r 
Most active preparation  of 
Cohen and Arbogast* 
Hook et al. (9) 
Cohen and Arbogast 
Cohen and Arbogast 
Cohen and Arbogast 
Cohen and Arbogast 
Kozloff and Putnam (10) 
Cohen and Arbogast 
DNA per 
~rticle X 10  -~e 
gin. 
3.2* 
3.0 
3.6~ 
2.3* 
2.4* 
3.4* 
3.0 
3.4* 
No. of genetic 
anits  (estimated 
by Luria) 
25 
25 
15 
15 
30 
30 
DNA per 
genetic unit 
X 10-~a gin. 
0.13 
0.14 
0.15 
0.16 
0.11 
0.11 
* Present paper. 
:~ We have been informed by Dr. A. D. Hershey that he has obtained preparations of 
T2r whose P  content  (presumably DNA-P) per virus particle, estimated by an indirect 
method, approached that of the T4 preparations described in this Table. 
820,000  (13).  The molecular weight of the  isolated DNA of these phages is 
quite large and the assumption of a weight similar to that of the thymus ma- 
terial  suggests that  there may be about  10 such DNA particles per genetic 
unit. Seven to 8 particles of RNA of molecular weight 300,000 have been found 
in a particle of tobacco mosaic virus (14). The interest of this further calculation 
resides in the attempt by I~ershey and Luria to reconcile the former's finding 
of large numbers of genetically distinct loci with the latter's limited number of 
units  described above. It  should be clear that  the extent to which one may 
suppose that Hershey's loci are small portions of Luria's units must be limited 
by the numbers of specifically organized groupings into which one organized 
polymeric mass may be subdivided. If the DNA of the virus does indeed play 
a number of specific genetic roles as a function of its specific molecular structure, 
orientation, and relationships in the units of Luria, and if the average DNA 618  SEROLOGIC TESTS OSF VIRUS PURITY 
molecule does have a weight of about 0.14  X  10  -17 gin., the Luria unit can be 
subdivided by no more than a factor of 10. This is only to suggest that the cal- 
culations of genetic specificity in this system are approaching the molecular 
level at which the available mass of specifically organizable material must be 
considered. 
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